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HIGH FREQUENCY POWER AMPLIFIER,
TRANSMITTER AND MOBILE

COMMUNICATION TERMINAL USING THE
POWER AMPLIFIER

CROSS-REFERENCE TO RELAT
APPLICATIONS

gs
w

This application 1s a Divisional application of U.S. appli-
cation Ser. No. 11/430,172 filed May 9, 2006. Priority 1is

claimed based on U.S. application Ser. No. 11/430,172 filed
May 9, 2006, which claims priority to Japanese Patent Appli-
cation No 2005-138142 filed on May 11, 2003, the content of

which 1s hereby incorporated by reference 1nto this applica-
tion.

FIELD OF THE INVENTION

The present invention relates to a high frequency power
amplifier used 1n a high frequency mobile communication
terminal and a transmitter using the power amplifier, and
more particularly to a high frequency power amplifier that
reduces a load impedance dependency of the amplifier char-
acteristic, and a transmitter using the power amplifier.

BACKGROUND OF THE INVENTION

Japanese Patent Laid-Open No. 2000-341143 discloses an

example of a structure of a conventional amplifier that
reduces a dependency of the characteristic on a load 1imped-
ance. The amplifier disclosed 1n Japanese Patent Laid-Open
No. 2000-341143 conducts detection at plural points on a
transmission line between a power amplifier and an antenna,
detects the occurrence of a standing wave, that 1s, amismatch-
ing of a load on the basis of a difference between the detected
levels, and limits an input of the power amplifier.

Also, U.S. Pat. No. 6,720,831 discloses a structure that
detects a voltage outputted from a final-stage transistor, and
teeds back the detected voltage to a bias voltage of the final-
stage transistor.

SUMMARY OF THE INVENTION

In a power amplifier used for a high frequency mobile
communication terminal, a power can be reflected from an
antenna toward the power amplifier depending on a circum-
stance around the antenna. In the case where the power reflec-
tion thus occurs, 1t appears as 11 the load impedance from the
amplifier with the antenna calculated fluctuates. When the
load impedance viewed from the amplifier fluctuates, the load
impedance of a transistor at an output stage that constitutes
the amplifier also fluctuates with the result that the amplifier
exhibits the characteristic different from the characteristic
that has been originally designed.

As one example, FIG. 1 schematically shows an influence
of the load impedance fluctuation with respect to the gain of
an amplifier, that 1s an input to output characteristic. Refer-
ring to FIG. 1, the axis of abscissa 1s an input FRin to the
amplifier, and the axis of ordinate 1s an output FRout of the
power amplifier. A characteristic (2) exhibits an original input
to output characteristic, and there occurs a characteristic (1)
that 1s higher in the gain but lower 1n the saturation output than
the characteristic (2), or a characteristic (3) that 1s lower in the
gain but higher in the saturation output than the characteristic
(2), depending on the circumstance around the antenna.

Now, 1n a CDMA system that 1s required that the power
amplifier operates as a linear amplifier, the characteristic
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2

indicated by the characteristic (1) of FIG. 1 saturates the
output at a lower output than the original linear maximum
output, resulting 1 such a problem that a distortion that
exceeds a permissible value of the system may occur.

To solve the above problem, there 1s an effective counter-
measure that an 1solator 1s mserted between the antenna and

the power amplifier so that the retlected power from the
antenna 1s not returned to the amplifier as shown 1n FIG. 5 of

Japanese Patent Laid-Open No. 2000-341143. However,

there arises such a problem that the 1solator 1s expensive, and
the power amplifier 1s not downsized.

Also, 1n the conventional example shown in FIG. 1 of
Japanese Patent Laid-Open No. 2000-341143, the voltage
amplitudes at three different points on an output matching
circuit are measured, and a difference between the amplitudes
ol the standing waves that occur on the transmission line 1s
read to detect the occurrence of the reflective wave to limit a
control voltage level. However, the above structure requires a
transmission line length that 1s about 6 of the wavelength and
three voltage detector circuits, resulting 1n such a problem
that the power amplifier 1s not downsized.

On the other hand, 1n an example shown in FIG. 2A of U.S.
Pat. No. 6,720,831, only one voltage detector 1s required
because a voltage 1s detected at an output end of a sensing
transistor, however an object of U.S. Pat. No. 6,720,831 1s to
prevent a power transistor from being broken down by detect-
ing an overvoltage by a detector. In the case where overvolt-
age 1s detected, a bias current of the power transistor is
reduced. This example sutiers from such a problem that there
1s the possibility that the linearity of the power amplifier 1s
deteriorated to produce a distortion because the linearity of
the power amplifier 1s not taken 1nto consideration.

The present invention has been made to solve the above
problem, and therefore an object of the present invention 1s to
provide a high frequency power amplifier that maintains an
excellent linearity regardless of a fluctuation of the load
impedance and 1s readily downsized, and a transmitter using
the power amplifier.

A representative example of the present invention will be
stated below.

That 1s, according to the present invention, there 1s pro-
vided a high frequency power amplifier that 1s used for a high
frequency mobile communication terminal, the high fre-
quency power amplifier comprising: at least one stage ampli-
fication stage that amplifies an input signal from a gain vari-
able amplifier; an output matching circuit that 1s outputted to
an output side of the amplification stage; and a first detector
unit that detects a voltage amplitude at a node between a
transistor which constitutes the amplification stage and the
output matching circuit to output the detected voltage ampli-
tude as gain control information of the gain variable amplifier.

According to the present invention, there can be provided a
high frequency power amplifier that maintains an excellent
lineanity regardless of a fluctuation of the load impedance,
and a transmitter using the power amplifier.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of this imvention
will become more fully apparent from the following detailed
description taken with the accompanying drawings in which:

FIG. 1 1s a schematic diagram showing an input to output
characteristic of a power amplifier accompanying a tluctua-
tion of a load impedance;

FIG. 2 1s a circuit diagram showing a power amplifier
according to a first embodiment of the present invention;
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FIG. 3 1s a block diagram showing a transmitter according,
to a second embodiment of the present invention;

FIG. 4A 1s a schematic diagram showing a dynamic load
curve of atransistor due to a fluctuation of the load impedance
according to the first or second embodiment of the present
invention;

FIG. 4B 1s a diagram showing a relationship of a collector
current to collector voltage characteristic and Vdetout that 1s
detected by a collector AC voltage detector unit according to
the first or second embodiment;

FIG. SA 1s a diagram showing a distortion of a power
amplifier and an AC voltage amplitude of a collector end
accompanying a phase fluctuation of the load impedance
according to the first or second embodiment of the present
imnvention;

FIG. 3B i1s an explanatory diagram, showing an operating,
characteristic according to the second embodiment of the
present invention;

FIG. 6 A 1s a diagram showing a structural example of a
mobile communication terminal of a W-CDMA system
according to a third embodiment of the present invention;

FIG. 6B 1s an explanatory diagram showing an operating
characteristic according to the third embodiment of the
present invention;

FIG. 7 1s a circuit diagram showing a power amplifier
according to a fourth embodiment of the present invention;

FIG. 8 1s a block diagram showing a transmitter using the
power amplifier according to the fourth embodiment of the
present invention;

FIG. 9 1s a schematic diagram showing a principle of the
occurrence of a distortion accompanying a supply voltage
fluctuation 1n the fourth embodiment of the present invention;

FIG. 10 1s an explanatory diagram showing the operating
characteristic according to the fourth embodiment of the
present invention;

FIG. 11 a circuit diagram showing a power amplifier
according to a fifth embodiment of the present invention;

FI1G. 12 1s a block diagram showing a transmitter using the
power amplifier according to the fifth embodiment of the
present invention;

FIG. 13 1s a circuit diagram showing a power amplifier
according to a sixth embodiment of the present invention; and

FI1G. 14 1s a block diagram showing a transmitter using the
power amplifier according to the sixth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, a description will be given in more detail of preferred
embodiments of the present invention with reference to the
accompanying drawings.

First Embodiment

First, a description will be given of a structure of a high
frequency power amplifier according to a first embodiment of
the present mvention with reference to FIG. 2. FIG. 2 15 a
circuit diagram showing a high frequency power amplifier 10
according to the first embodiment of the present invention.

According to the first embodiment of the present invention,
the high frequency power amplifier 10 detects an AC voltage
amplitude at an output terminal of a final amplification stage
transistor, and outputs a signal for suppressing an input signal
amplitude of the power amplifier when the detected voltage
amplitude exceeds a predetermined specified value.
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In other words, 1n the high frequency power amplifier 10
shown 1n FIG. 2, reference numeral 1 and 3 denote input
matching capacitors of the amplifier, and 2 1s an input match-
ing inductor. Reference numeral 100 denotes an 1nitial stage
amplification transistor, 200 1s a final stage amplification
transistor, and 30 is a collector AC voltage detector unit (first
detector unit). Reference numeral 202 1s a MMIC (microwave
monolithic IC) that integrates the input matching capacitor 3,
the mitial stage amplification transistor 100, the final stage
amplification transistor 200, an interstage matching capacitor
251, and the collector AC voltage detector unit 30 into one
chip.

The power amplifier 10 includes an mput terminal 4 to
which an RF input signal RFin 1s inputted, an output terminal
5 from which an RF output signal RFout 1s outputted, and an
output terminal 6 from which a detected output Vdetout of the
AC voltage detector unit (first detector unit) 30 1s outputted.
The detected output Vdetout of the first detector unit is used as
information for controlling the gain variable amplifier that
supplies the RF input signal to the mput terminal 4.

A terminal 221 and a terminal 222 supply base biases Vbbl
and Vbb2 to the imitial stage amplification transistor 100 and
the final stage amplification transistor 200, respectively. Ret-
erence numeral 231 denotes an RF signal 1solation inductor
for base bias voltage supply of the initial stage amplification
transistor 100, and 232 1s an RF signal 1solation inductor for
base bias voltage supply of the final stage amplification tran-
sistor 200. Reference numeral 260 denotes a power supply
terminal that supplies a supply voltage Vcc, and 241 and 261
are choke inductors for power supply of the mitial and final
amplification transistors, respectively. Reference numeral
242 and 262 denote bypass capacitors for supply voltage
stabilization, respectively.

The collector AC voltage detector unit 30 includes a volt-
age detection diode 300, a voltage detection resistor 301, and
a voltage detection capacitor element 302. An output match-
ing circuit 280 of the amplifier 1s made up of output matching
capacitors 281, 282, and 283, and output matching transmis-
s1on lines 285 and 286.

According to this embodiment, the first detector unit 30
detects the voltage amplitude Vdetout at a node between the
final stage amplification transistor at the amplification stage
and the output matching circuit, and outputs the detected
voltage amplitude as control information of the gain variable
amplifier that supplies the RF input signal to the input termi-
nal 4. The use of the detected output Vdetout makes it possible
to control the gain of the gain variable amplifier according to
the output voltage amplitude Vdetout of the amplification
transistor which corresponds to a fluctuation of the load
impedance. As a result, the mput signal amplitude of the
power amplifier, that 1s, the output of the gain variable ampli-
fier can be controlled so that the output of the high frequency
power amplifier 1s always 1n a linear operation region where
there 1s no distortion of the output, thereby making 1t possible
to suppress the distortion from occurring at the time of fluc-
tuating the load impedance. Since it 1s unnecessary to sert
an 1solator between the antenna and the power amplifier, the
costs are not increased.

Also, the transistors at the respective stages which consti-
tute the high frequency power amplifier according to this
embodiment 1s a self bias system that allows the bias current
to 1ncrease upon mputting the REF input signal RFin. As a
result, even when the distortion occurs at the time of fluctu-
ating the load impedance, the amplitude of the RF input signal
1s reduced without reducing the bias currents of the transistor
power amplifiers at the respective stages. In other words, the
amplitude of the RF imnput signal RF1n 1s 1n an operating range
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of the self bias system which corresponds to the RF 1nput
voltage. For that reason, when the amplitude of the RF input

signal 1s reduced, the bias current s also reduced according to
the reduced RF 1nput signal. From this viewpoint, the tran-
sistors at the respective stages operate within the regular
operation range even when the distortion occurs at the time of
fluctuating the load impedance. As a result, the operation 1n
the linear region 1s ensured.

Also, since the output terminal 6 of the collector AC volt-
age detector unit 30 1s connected to the collector of the final
stage amplification transistor 200, the output of the collector
AC voltage detector unit 30 1s coupled with the imnformation
on the supply voltage, which 1s effective 1n suppression of the
distortion.

Second Embodiment

A description will be given of an example of a transmitter
using the power amplifier of the first embodiment according,
to a second embodiment of the present invention with refer-
ence to FIGS. 3 to 5C.

First, FIG. 3 1s a block diagram showing a structural
example of a transmitter to which the power amplifier shown
in FI1G. 2 1s applied. The power amplifier 10 has an RF 1nput
signal RFin terminal 4 connected to an external gain variable
amplifier 12, and has an RF output signal RFout terminal 5
connected to an antenna 14. Also, the power amplifier 10 has
a terminal 6 that outputs an AC voltage amplitude output
Vdetout of the collector AC voltage detector unit 30 in the
power amplifier 10 connected to a control circuit 18 through
an A/D converter 16. The control circuit 18 1s disposed within
the transmitter, more preferably within a base band control
circuit (base band IC).

A high frequency transmit signal Fr0 obtained by modu-
lating a carrier wave in phase on the basis of information to be
transmitted 1s inputted to the gain variable amplifier 12, then
amplified by the amplifier, and inputted to the power amplifier
10 as the high frequency signal RFin. The signal 1s further
amplified by the power amplifier 10, outputted as the high
frequency signal RFout, and drives the antenna 14 and con-
ducts transmission. The detected output Vdetout 1s used as
information for gain control of the gain vaniable amplifier 12.
In other words, the control circuit 18 controls the gain of the
gain variable amplifier 12 according to the output Vdetout of
the AC voltage amplitude that 1s detected by the collector AC
voltage, detector unit 30.

According to this embodiment, the control circuit 18 moni-
tors Vdetout as the information for gain control, and generates
such a control signal as to limit the gain of the gain variable
amplifier 12 when a condition under which a distortion occurs
in the output of the power amplifier 10 1s satisfied, that 1is,
when the output voltage amplitude of the amplification tran-
sistor exceeds a predetermined threshold value. In other
words, the control circuit 18 controls the gain of the gain
variable amplifier 12 according to the output voltage ampli-
tude of the amplification transistor 200. When the load
impedance 1s equal to or lower than a normal range, the gain
of the gain variable amplifier 12 1s set on the basis of a given
parameter. When the condition under which the distortion
occurs 1n the output of the power amplifier 10 1s satisfied, that
1s, when the output voltage amplitude Vdetout of the ampli-
fication transistor 200 exceeds a predetermined threshold
value with an increase 1n the load impedance, the gain of the
gain variable amplifier 12 1s limited to a gain lower than a
normal gain of the gain variable amplifier 12. As a result, the
high frequency power amplifier 10 operates 1n a region where
no distortion occurs in the output thereof.
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With the above operation, the high frequency amplifier 10
maintains excellent linearity regardless of the fluctuation of
the load impedance. As a result, the output of the gain variable
amplifier 12, that 1s, the 1nput signal amplitude of the power
amplifier 1s so controlled as to be 1n a region where no dis-
tortion occurs in the output of the high frequency power
amplifier, thereby making 1t possible to suppress the occur-
rence of distortion at the time of fluctuating the load 1imped-
ance.

According to the structure of the power amplifier according
to the first embodiment or the transmitter according to this
embodiment, the occurrence of distortion can be suppressed
at the time of fluctuating the load impedance. Hereinafter, this
teature will be described 1n more detail.

FIG. 4A 1s a diagram schematically showing a collector
current to collector voltage characteristic of the output stage
transistor 1 the power amplifier 10, and a relationship
between a voltage V¢ and a collector current Ic at the collector
terminal 1n the RF large signal amplifying operation, that1s a
dynamic load curve. A real part of the load impedance corre-
sponds to a slope of the dynamic load curve shown 1n FIG.
4A, and therefore the collector current to collector voltage
characteristics (1) to (3) shown 1n FIG. 1 approximately cor-
respond to the collector current to collector voltage charac-
teristics (1) to (3) shown 1n FIG. 4A.

FIG. 4B shows a relationship of collector current to col-
lector voltage characteristics (1) to (3), and Vdetout (1) to (3)
that are detected by the collector AC voltage detector unit 30
in correspondence with those collector current to collector
voltage characteristics.

A distortion 1s difficult to occur 1n the collector current to
collector voltage characteristics (2) and (3) of FIG. 4A, but a
dynamic load curve 1s distort distorted without drawing an
oval at a lower voltage side 1n (1). Since the dynamic load
curve 1s thus distorted, the output saturation occurs at a lower
output than the original mput to output characteristic (2) as
indicated by (1) in FIG. 1.

In the dynamic load curve (1) of FIG. 4A, the dynamic load
curve 1s distorted at the lower voltage side, and the load curve
extends toward the higher voltage side. On the other hand, 1n
the dynamic load curve (3) of FIG. 4A, the voltage remains at
a low voltage. From this viewpoint, it 1s estimated that there 1s
a correlation between the occurrence of a distortion and an RF
voltage at the collector end.

The output matching circuit 280 of the power amplifier 10
1s normally matched with the impedance of 50 ohms. When a
load that 1s different from 50 ohms 1s connected to the power
amplifier 10, a reflection occurs from the load. As aresult, the
input to output characteristic 1s exhibited as indicated by (1)
and (3) of FIG. 1, and a distortion may occur 1n the output as
described above.

In the mobile terminal of the W-CDMA system, a reflection
from the antenna 1s attenuated due to the loss of a part that 1s
inserted between the power amplifier 10 and the antenna 14,
and the mismatching of the output RFout becomes about 4:1
or less 1n a voltage standing wave ratio (VSWR) at the output
terminal 5 of the power amplifier.

In FIG. 5A, the AC voltage amplitude Vdetout at the col-
lector end of the transistor 200 of the amplifier 10 shown 1n
FIG. 2, and an Adjacent Channel Leak power Ratio (ACLR)
that 1s an 1ndex indicative of the distortion of the W-CDMA
signal are obtained by a circuit simulation 1n the case of
VSWR=4:1. In this simulation, 1n order to set the VSWR to
4:1, the load impedance 1s set to 200 ohms, and a transmaission
line 1s inserted between the load and the power amplifier 10 to
represent a phase of the retlection from the antenna 14. The
phase rotation of the transmission line changes from 0° to




US 8,306,490 B2

7

180° with the results that the phase rotation o1 0° to 360° there
and back 1s conducted, and all of cases are conducted. The
characteristics when the simulated power amplifier has a load
of 50 ohms are 27.5 dBm 1n the output power when the supply
voltage Vec1s 3.5V and the input power 1s 1 dBm, and ACLR
at that time 1s —42 dBc.

Referring to FIG. 5A, an upper trace 1s the AC voltage
amplitude Vdetout, and a lower trace 1s the adjacent channel
leak power ratio ACLR. It1s apparent from FIG. 5A that there
1s an excellent correlation with the output Vdetout of the AC
voltage amplitude to the adjacent channel leak power ratio
ACLR. In a region of Vdetout <3 V indicated by arrows in
FI1G.5A, ACLR 1s =34 dBc even at worst, which 1s lower than
—33 dBc¢ which 1s the worst value of ACLR o1 3GPP standard
that 1s the standard of the W-CDMA system. Thus, 1t 1s found
that the control unit 18 of FIG. 3 controls the gain variable
amplifier 12 so as to satisty Vdetout<3 V with Vdetout=3 V as
a threshold voltage, to thereby realize the operation that sat-
isfies the ACLR standard.

In this embodiment, the information that 1s obtained by the
first detector unit 30 allows the gain of the gain variable
amplifier 12 to be controlled according to the output voltage
amplitude of the amplification transistor. Therefore, when the
load impedance 1s large, the output of the gain variable ampli-
fier 12, that 1s, the input signal amplitude of the power ampli-
fier 1s suppressed to a value P2 that 1s smaller than P1, as
shown 1n FIG. 5B. For that reason, the power amplifier oper-
ates 1n a region where no output distortion occurs at a further
left side than P2.

In fact, the threshold voltage 1s set 1n a range where no
output suppression signal occurs with respect to the gain
variable amplifier 12 under the specified output 1n the normal
operation of the matching of 50 ohms, thereby making 1t
possible to operate 1n a lower distortion state at the time of the
load impedance fluctuation. This fact 1s applied to other
embodiments that will be described later.

Also, 1n the case where the gain varniable amplifier 12 1s
structured to have multiple stages and the load impedance 1s
large, the gain as a whole can be made to be a predetermined
value by limiting each gain of each stage.

When the 1mventors actually made the power amplifier 10
shown 1n FIG. 2, composed a transmit system shown in FIG.
3, experimented, and optimized the above threshold value,
ACLR<-36 dBc was obtained under the load fluctuation con-
dition of up to VSWR=4:1.

Also, according to this embodiment, a circuit configuration
for ensuring the linearity 1s simple, and an influence of an
addition of the above circuit configuration on the size and
costs of the high frequency power amplifier or the transmaitter
using the high frequency power amplifier 1s small. In other
words, 1n the configuration of this embodiment, a circuit that
1s added to the normal power amplifier 10 1s only a voltage
detector unit indicated by reference numeral 30 in FIG. 2. In
the voltage detector unit 30, the voltage detection diode 300
can be realized by diode connection of the transistor. Also,
both of the voltage detection resistor 301 and the capacitor
302 can be produced by a normal MMIC process. As a result
that the voltage detector circuit 30 1s incorporated into the
power amplifier for the W-CDMA, an increase in the MMIC
chip area stays within 5%.

As described above, according to the present invention, the
AC voltage amplitude Vdetout at the output terminal of the
final amplification stage transistor 200 as shown in FIG. 4B 1s
detected, and when a condition under which the distortion
occurs 1s satisfied, that 1s, when the output voltage amplitude
of the amplification transistor exceeds a predetermined
threshold value, since a signal that suppresses the input signal
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amplitude of the power amplifier 1s outputted, the operation
region of the power amplifier 1s limited. As a result, excellent

linearity can be held regardless of the fluctuation of the load
impedance. Moreover, an increased area of the MMIC chip
area 1s very slight as compared with the normal power ampli-
fier 10, and 1t 1s possible to provide a high frequency power
amplifier that 1s small in the size and low 1n the costs, and a
mobile communication terminal using the power amplifier.

Third Embodiment

A third embodiment of the present mmvention will be
described with reference to FIGS. 6 A and 6B. In this embodi-
ment, the high frequency power amplifier shown in FIG. 2 or
3 1s applied to a mobile communication terminal of the
W-CDMA system.

A mobile communication terminal shown in FIG. 6A
includes a high frequency signal processor circuit that has a
modulator and demodulator circuit which 1s capable of modu-
lating and demodulating the W-CDMA signal, and 1s brought
into a semiconductor integrated circuit. That is, the mobile
communication terminal includes an electronic device 600, a
high frequency power amplifier (power module) 700, and a
front end module 800.

In the electronic device 600 corresponding to the base band
control circuit (base band IC) shown, 1n FIG. 3, a modulator
and demodulator circuit which 1s capable of modulating and
demodulating the W-CDMA signal, and a base band circuit
610 that generates I and Q signals or processes the I and
signals that have been extracted from a recerve signal on the
basis of transmit data (base band signal) are incorporated into
one package together with a band pass filter (BPF1) 6350 that
removes a high frequency component from the transmit sig-
nal, and a band pass filter (BPF2) 651 that removes an unnec-
essary wave from the recerve signal.

The electronic device 600 according to this embodiment
has, formed on one semiconductor chip: the base band circuit
610 1including a terminal control umt 620 that processes the
high frequency signal; a recetver unit 630; a transmitter unit
640; transmit variable gain amplifiers (GCA) 611 and 661
that amplily the transmit signal that hasbeenmodulated; a
mixer (Tx-MIX) 652 that up-converts the transmit signal that
has been amplified; a low noise amplifier (LNA) 612 that
amplifies the receive signal; and a mixer (Rx-MIX) 653 that
down-converts the recerve signal that has been amplified.

In addition, the electronic device 600 1s equipped with a
nonvolatile memory 613 that stores table data that 1s referred
to at the time of outputting a control current, and DA con-
verter circuits 614 and 615 that subject data that has been read
from the nonvolatile memory 613 and processed by the ter-
minal control unit 620 of the base band circuit 610 to DA
conversion, and output the converted data as analog currents.

The high frequency power amplifier (power module) 700
has a high frequency power amplifier 710 that amplifies the
high frequency signal, a matching circuit 714, an A/D con-
verter 680, a bias control circuit 720, and a collector AC
voltage detector unit (first detector unit) 730 mounted on one
ceramic substrate.

The radio communication system also includes a switch
(DUPLEXER) 810 that 1s disposed 1n the front end module
800 for changing over transmit and receive, an output detector
circuit (PD'T) 740 made up of a coupler that detects an output
level of the transmit signal which 1s outputted from the power
module 700, a filter (LPF) 830 that removes noise such as a
higher harmonic wave included 1n the transmait signal, and an
automatic power control circuit (APC circuit) 670 that gen-
erates an output control signal Vapc with respect to the trans-
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mit variable gain amplifiers (GCA) 611 and 661 within the
clectronic device 600 on the basis of the output detection
signal from the detector circuit 740 and the power control
signal PCS from the base band circuit 610.

In the radio communication system according to this
embodiment, the control current and the mode control signal
with respect to the bias circuit 720 within the power module
700 are supplied from the base band circuit 610 of the elec-
tronic device 600. Also, a reference voltage that 1s inputted to
the voltage to current converter circuit and the offset current
adder circuit within the bias circuit 720 1s also supplied from
the base band circuit 610.

In this embodiment, the output control signal that 1s out-
putted from the automatic power control circuit 670 which
controls the output level 1s supplied to the transmit variable
gain amplifiers 611 and 661 within the electronic device 600
in a state where the gains of the mitial stage amplification
transistor and the final stage amplification transistor in the
power amplifier 710 are held constant according to the control
currents Icl and Ic2 which are supplied from the base band
circuit 610. Then, the gains of the transmit variable gain
amplifiers 611 and 661 are controlled according to the output
control signal Vapc. As a result, the output power of the power
amplifier 710 1s changed under the control. A power compen-
sation function 1s given to the bias circuit 720 that supplies a
bias to the power amplifier 710, thereby making it possible to
maintain the gain of the power amplifier 710 substantially
constant even 1f the supply voltage changes due to the charge
or consumption of a battery. As aresult, the receive band noise
1s capable of satisiying the standard. Also, the table data that
1s a base for generating the power control signal PCS that 1s
supplied to the automatic power control circuit 670 according
to the output request level which 1s supplied from a base
station 1s also stored in the nonvolatile memory 613.

In this embodiment, a down receive signal from the base
station 1s received by the antenna 14 of the mobile commu-
nication terminal, and then inputted to the low noise amplifier
(LNA) 612 through the transmit/receive separation filter
(DUPLEXER) 810. Thereaftter, the download signal 1s down-
converted by the mixer 633 through the band pass filter 651,
adjusted to a desired level by the recerve variable gain ampli-
fier, and then converted 1into the receive base band signal. The
receive base band signal 1s extracted by the receiver unit 630.
Also, the recetve base band signal 1s branched and transmitted
to the gain control unit 621 that generates the receive gain
control signal which allows the recerve base band signal to be
a desired constant level, which controls the receive variable
gain amplifier.

The transmit base band signal that has been generated by
the transmitter unit 640 1s converted 1nto a transmit interme-
diate frequency through an orthogonal converter, and the
transmit level 1s adjusted by the variable gain amplifier 611.
Thereatter, the adjusted signal 1s amplified into a desired
transmit output by the power amplifier 710 through the mixer
652 and the base band filter 650, and then emitted as an up
transmit signal from the antenna 14 through a directional
coupler and the transmit/receive separation filter (DU-
PLEXER) 810. Also, the transmit gain control signals Val
and Va2 that control the gains of the vaniable gain amplifier
611 and 661 are supplied to the transmait variable gain ampli-
fiers 611 and 661 through the limiter 622, and control 1s made
so that the gains of the transmit variable gain amplifiers 611
and 661 are not excessive. The limit value 1s set by the termi-
nal control unit 620.

As the adjustment of the transmit levels in the transmait
variable gain amplifiers 611 and 661, 1n order to keep the
quality of an up link of the base station, the mobile commu-

10

15

20

25

30

35

40

45

50

55

60

65

10

nication terminal transmits with a large power when the
mobile communication terminal 1s apart from the base sta-

tion, and the transmit power i1s lowered when the mobile
communication terminal 1s close to the base station. The base
station monitors the quality of the up link signal, and then
instructs the down link signal so as to increase the transmit
power of the mobile communication terminal when the qual-
ity of the up link signal 1s deteriorated. The base station also
instructs the down link signal so as to decrease the transmit
power of the mobile communication terminal when the qual-
ity of the up link signal 1s equal to or higher than a given
quality. The mobile communication terminal extracts those
information 1n the receiver unit 630, and transmits those
information to the gain control unit 621 of the terminal con-
trol umt 620. Also, the gain control information of the gain
variable amplifiers 611 and 661 which are detected by the
collector AC voltage detector unit 730 1s also transmitted to
the gain control unit 621. The gain control unit 621 generates
the transmit gain control signal Va according to those infor-
mation.

The transmit gain control signals Val and Va2 control the
gains of the transmit variable gain amplifiers 611 and 661.
The transmit gain control signals Val and Va2 are supplied to
the transmait variable gain amplifiers 611 and 661 through the
limiter 622 where control 1s made so that the gains of the
transmit variable gain amplifiers 611 and 661 are not exces-
stve. This, 1s because 1n the case where the up transmit power
that 1s requested from the base station 1s too large, the transmait
signal 1s prevented from being distorted by the power ampli-
fier 710 to spread the spectrum toward the adjacent frequen-
cies and interfere with the adjacent frequencies.

To achieve this, the limiter 622 has the put to output
characteristic as shown 1n FIG. 6B. For example, the limiter
622 conducts limiter operation that limits a limiter input that
1s equal to or higher than a predetermined value to a limat
value (=limit-1) on the basis of the basic information such as
the channel frequency information. The limit value deter-
mines the maximum transmit power of the mobile communi-
cation terminal.

In this embodiment, the gain control information of the
gain variable amplifiers 611 and 661 1s transmuitted to the gain
control unit 621 of the terminal control unit 620 in addition to
the basic information. With this operation, 1n the case where
Vdetout that 1s detected by the collector AC voltage detector
umt 730 to exceed the given value even if the maximum
transmit power 1s within the limit value (=limit-1), the limit
value 1s changed to a smaller value (=limit-2) to suppress the
maximum transmit power.

According to this embodiment, it 1s possible to provide the
mobile communication terminal of the W-CDMA system
which maintains excellent linearity regardless of the fluctua-
tion of the load impedance, and 1s readily downsized.

Fourth Embodiment

Now, a description will be given of the structure of a fourth
embodiment of the present invention with reference to FIGS.
7 to 10. A power amplifier 10 shown 1n FIG. 7 1s changed 1n
the power amplifier 10 shown in FIG. 2 1n such manner that an
output of a collector AC voltage amplitude detector circuit
(first detector unit) 30 and a supply voltage Vcc are imnputted
to a signal processor 305, and a signal processing result from
the signal processor 305 1s outputted as an output Vdetout of
the AC voltage amplitude.

FIG. 8 1s a block diagram showing the structure of a trans-
mitter 1n a mobile terminal of the W-CDMA system to which
the power amplifier 10 shown in FIG. 7 1s applied. The power
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amplifier 10 has an mnput terminal 4 of the high frequency
signal RFin connected to an external gain variable amplifier
12 and an output terminal 5 of the high frequency signal
RFout connected to an antenna 14. Also, a supply terminal
260 that 1s connected with the supply voltage Vcc 1s con-
nected to a control circuit (base band IC) 18 through an A/D
converter 161. Further, an AD voltage amplitude output
Vdetout that 1s outputted from an output terminal 6 of a
collector AD voltage detector unit 30 1n the power amplifier

10 1s 1inputted to the control circuit (base band IC) 18 through
an A/D converter 162.

The power amplifier 10 1s inputted with the high frequency
signal RFin obtained by modulating a carrier wave 1n phase,
and the amplified high frequency signal RFout drives the
antenna 14 to conduct transmission. The control circuit 18
controls the gain of the gain variable amplifier 12 according to
the supply voltage Vce and the output Vdetout of the AC
voltage amplitude.

As shown 1n FIG. 9, there 1s a case 1n which a distortion
occurs when the supply voltage Vcc 1s reduced even under the
condition where no distortion occurs in the supply voltage
during the normal operation of the power amplifier 10. FIG.
10 shows this condition by the input to output characteristic of
the power amplifier 10. The saturated output 1s lowered with
a reduction of the supply voltage, and the linearity 1s lost at a
lower output so that the distortion can occur.

In this embodiment, 1n order to suppress the occurrence of
distortion due to the supply voltage reduction, the supply
voltage and the collector AC voltage amplitude are signal
processed, to thereby allow the gain suppression threshold
value of the gain variable amplifier to change according to the
supply voltage, and the gain variable amplifier 12 1s con-
trolled so that the iput signal amplitude of the power ampli-
fier 10 becomes equal to or lower than a predetermined value.
With the above operation, the occurrence of the distortion at
the time of the supply voltage reduction 1s suppressed. Also,
since the self bias system by which the bias current changes
according to the amplitude of the RF input signal RF1in of the
power amplifier 1s applied, the bias current 1s reduced as the
amplitude of the RF input signal 1s reduced. As result, the
ensuring of the linear operation region 1s further facilitated.

As a comparative example, 1n the case where the amplifier
10 that has acquired the characteristic of FIG. 5A 1s made to
operate while the above threshold voltage 1s constantly kept at
3V, and the supply voltage 1s reduced from the standard
voltage of 3.5 V, the worst value of the ACLR exceeds -33
dBc when the supply voltage 1s reduced downto 3.2 'V, and the
3GPP standard 1s not satisfied.

On the other hand, 1n the case where the signal processor
circuit according to this embodiment 1s optimized, even if the
supply voltage 1s reduced down to 2.8 V, the worst value of the
ACLR remains at —36 dBc, and a margin can be taken with
respect to the 3GPP standard.

Fitfth Embodiment

A description will be given of a high frequency power
amplifier according to a fifth embodiment of the present
invention with reference to FIGS. 11 and 12. As shown 1n
FIG. 11, the fifth embodiment includes a second detector unit
40 1n addition to the collector AC voltage detector umt (first
detector unit) 30 shown 1n FIG. 2. That 1s, a directional
coupler 306 1s provided 1n the output matching circuit as the
second detector unit 40, and 1ts output signal 1s detected by
the detector circuit 40 and outputted from a terminal 403 as
Cplout. The second detector section 40 1s made up of a
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voltage detection diode 400, a voltage detection resistor 401,
and a voltage detection capacitor element 402.

FIG. 12 1s a block diagram showing the structure of a
transmitter in a mobile terminal of the W-CDMA system to
which the power amplifier 10 shown 1 FIG. 11 1s applied.
The power amplifier 10 has a signal mnput terminal RFin 4
connected to an external gain variable amplifier 12 and an
output terminal RFout S connected to an antenna 14. Also, an
AC voltage amplitude output Vdetout that 1s outputted from
the output terminal 6 of the collector AC voltage detector unit
30 1n the power amplifier 10 1s connected to a control circuit
(base band IC) 18 through an A/D converter 162. Further, a
terminal 403 of the output signal Cplout of the directional
coupler 306 1n the output matching circuit 1s connected to the
control circuit (base band IC) 18 through an A/D converter
163 as a second detector unit 40.

The power amplifier 10 1s inputted with the high frequency
signal RFin obtained by modulating a carrier wave 1n phase
according to information to be transmitted, and the amplified
high frequency signal RFout drives the antenna 14 to conduct
transmission. The control circuit 18 controls the gain of the
gain variable amplifier 12 according to the supply voltage Vcc
and the output Vdetout of the AC voltage amplitude.

The characteristic fluctuation of the amplifier accompany-
ing the signal load impedance fluctuation i1s substantially
symmetrical with respect to the phase of the load impedance
as shown 1n FIG. 5A. In FIG. SA, 1ts symmetrical axis 1s 30°
and 120° 1n a V2 phase angle value. Accordingly, the output
Cplout from the directional coupler 306 for detecting the
clectric power of a traveling wave that progresses from the
power amplifier 10 toward the antenna 14 1s obtained by the
second detector unit. Also, the information on the output
Vdetout of the first detector unit that detects the AC voltage at
the collector terminal which 1s obtained by superimposing the
traveling wave on the reflective wave from the antenna 14,
thereby making 1t possible to know the traveling wave ampli-
tude and the amplitude and phase of the reflective wave.
Therefore, those signals are processed with the result that not
only the distortion of the amplifier 1s reduced which 1s a
primary object of the present invention, but also functions of
a higher level can be realized.

For example, 1in a state (3) of FIG. 4 A, the collector current
of the final stage transistor 200 becomes excessive due to the
fluctuation of the load impedance. However, the use of the
circuit according to the present invention makes it possible to
identify a condition under which the collector current
becomes excessive according to the information on the trav-
cling wave output, the amount of reflection of the reflective
wave, and the phase of the reflective wave. In this case, the
gain of the gain variable amplifier 12 1s reduced so that flow
of the excessive current can be suppressed. Also, since the
amount of reflection from the antenna 14 can be detected
according to the above information, 1t 1s possible to know the
radiation from the antenna. With the above operation, the
amount of radiation from the antenna 1s kept constant 1n an
output range where no distortion occurs even 1i the condition
around the antenna 1s changed, thereby making 1t possible to
reduce the possibility of disconnecting the link which 1s
attributable to the radiation output fluctuation due to a change
in the condition around the antenna under the control.

Sixth Embodiment

FIGS. 13 and 14 show a high frequency amplifier accord-
ing to a sixth embodiment of the present invention.

A high frequency amplifier shown by a circuit diagram of
FIG. 13 1s a high frequency amplifier that 1s capable of detect-
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ing both of the supply voltage output described 1n the fourth
embodiment and the traveling wave output using the direc-
tional coupler described 1n the fifth embodiment, which has
both of the features of the fourth embodiment and the fifth
embodiment.

FIG. 14 1s a block diagram showing the structure of a
transmitter using a power amplifier according to this embodi-
ment. In other words, the gain of the gain variable amplifier 1s
controlled according to the fluctuation of the supply voltage
by using an optimum threshold value that 1s capable of sup-
pressing the distortion to make the output of the terminal
maximum while maintaining the signal quality. Also, the
information on the second detector unit 1s used to maintain the
radiation output from the antenna constant even 1n the case
where a reflection occurs 1n the antenna at the time of the low
output where the distortion leads to no problem, thereby
making 1t possible to improve the stability of the link connec-
tion at the terminal.

As was described above, according to the respective
embodiments, 1t 1s possible to provide a high frequency power
amplifier that maintains the excellent linearity regardless of
the fluctuation of the load impedance and is readily down-
sized, and a transmitter using the high frequency power
amplifier.

It 1s needless to say that the same effects can be obtained by
applying the high frequency amplifier and the transmitter
described 1n the fourth to sixth embodiments to the mobile
communication terminal of the W-CDMA system shown 1n
FIG. 6.

Also, the present mvention can be applied to an EDGE
(Enhanced Data GSM Emflronment) which 1s one of the data
transmission techniques using the GSM system or the TDMA
system, likewise.

The foregoing description of the preferred embodiments of
the invention has been presented for purposes of 1llustration
and description. It 1s not intended to be exhaustive or to limait
the invention to the precise form disclosed, and modifications
and variations are possible 1n light of the above teachings or
may be acquired from practice of the mvention. The embodi-
ments were chosen and described 1n order to explain the
principles of the mvention and 1ts practical application to
enable one skilled 1n the art to utilize the invention 1n various
embodiments and with various modifications as are suited to
the particular use contemplated. It 1s intended that the scope
of the invention be defined by the claims appended hereto,
and their equivalents.

What 1s claimed 1s:

1. A mobile communication terminal, comprising:

a base band circuit having a limiter that determines a maxi-
mum transmit power of the mobile communication ter-
minal;

a transmit variable gain amplifier that recerves the control
signal from the base band circuit;
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a power amplifier that amplifies a transmit signal from the
transmit variable gain amplifier;
a front end module coupled to the power amplifier; and
an antenna coupled to the front end module,
wherein the power amplifier includes two amplification
stages for amplifying an input signal from a gain vari-
able amplifier,
wherein the power amplifier includes:
a first amplification stage;
a second amplification stage comprising a transistor, and
clectrically coupled to the first amplification stage;
an output matching circuit that 1s coupled to an output side
of the second amplification stage; and
a first detection unit for detecting a voltage amplitude at a
node between the transistor of the second amplification
stage and the output matching circuit, and outputting the
voltage amplitude as a first signal of gain control infor-
mation of the gain variable amplifier, detecting a supply
voltage being supplied to the second amplification stage,
and outputting the supply voltage as a second signal of
the gain control information of the gain variable ampli-
fier, and
wherein the gain variable amplifier 1s controlled based on
the gain control information so as to limit a gain of the
gain variable amplifier, upon the voltage amplitude
exceeding a predetermined threshold voltage.
2. The mobile communication terminal according to claim
1, wherein the first detection unit includes a voltage detection
diode that 1s connected to a collector of the transistor of the
second amplification stage, and a voltage detection resistor
and a capacitor that are coupled to the voltage detection diode.
3. The mobile communication terminal according to claim
2, further comprising a second detection unit having a direc-
tional coupler that 1s disposed within the output matching
circuit or between the output matching circuit and the output
terminal, and wherein the second detection unit outputs an
output signal of the directional coupler as a third signal of the
gain control information of the gain variable amplifier.
4. The mobile communication terminal according to claim
3, wherein an input matching capacitor and an interstage
matching capacitor that are coupled to the transistor of the
second amplification stage, the transistor of the second ampli-
fication stage, and the first detection unit are integrated on one
chip.
5. The mobile communication terminal according to claim
2, wherein an input matching capacitor and an interstage
matching capacitor that are coupled to the transistor of the
second amplification stage, the transistor of the second ampli-
fication stage, and the first detection unit are integrated on one
chip.
6. The mobile communication terminal according to claim
2, wherein the transistor of the second amplification stage 1s
of a self bias system 1n which a bias current with respect to the
power amplifier changes according to an RF input voltage.
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